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RESUMEN
Los cambios de temperatura promedio del océano a nivel global tienen el potencial de afectar negativamente 
los sistemas naturales y socioeconómicos actuales; sin embargo, los registros para proyectar las tendencias 





exhibe una tendencia modesta de enfriamiento durante los últimos 20 a 25 años, en la parte más oceánica 
GHO3DFt¿FRPH[LFDQRVHQRWDXQDWHQGHQFLDLQWHQVDGHHQIULDPLHQWRODUHJLyQPiVWURSLFDOPXHVWUDXQD




de ecosistemas costeros sensibles.
ABSTRACT
Changes in global mean sea surface temperature may have potential negative implications for natural and 
socioeconomic systems; however, measurements to predict trends in different regions have been limited and 
sometimes contradictory. In this study, an assessment of sea surface temperature change signals in the seas off 
Mexico is presented and compared to other regions and the world ocean, and to selected basin scale climatic 
LQGLFHVRIWKH1RUWK3DFL¿FWKH$WODQWLFDQGWKHWURSLFDO3DFL¿FYDULDELOLW\:HLGHQWL¿HGHLJKWUHJLRQVZLWK
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GLIIHUHQWH[SRVXUHWRFOLPDWHYDULDELOLW\,QWKH3DFL¿FWKHZHVWFRDVWRIWKH%DMD&DOLIRUQLDSHQLQVXODZLWK
PRVWO\QRWUHQGWKH*XOIRI&DOLIRUQLDZLWKDPRGHVWFRROLQJWUHQGGXULQJWKHODVWWR\HDUVWKHRFHDQLF
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1. Introduction
The global mean sea surface temperature  (SST) 
has increased more than 0.67 ºC during the last 100 
years (Trenberth et al., 2007). Due to this observed 
tendency and its potential negative implications for 
QDWXUDODQGVRFLRHFRQRPLFV\VWHPVVHYHUDOPDMRU
international scientific organizations and many 
individual scientists are devoting a great deal of 
time and efforts to the challenge of measuring, un-
derstanding, and forecasting climate change and its 
LPSDFWV6FLHQWL¿FLQIRUPDWLRQRQFOLPDWHFKDQJH
has been dramatically increasing during the last few 
GHFDGHV DV UHÀHFWHG LQ WKH VHULHVRI IRXU DVVHVV-
ments published by the Intergovernmental Panel 
on Climate Change in 1990, 1995, 2001 and 2007 
WKH ¿IWK DVVHVVPHQW LV H[SHFWHG WR EH SXEOLVKHG
in 2013/14). However, those same documents still 
KDYHODUJHGDWDJDSV WKDWQHHGWREH¿OOHGGXULQJ
the upcoming years in order to better understand 
climatic changes.
Ecological, social, and economic sciences are 
committed to identifying and designing strategies for 
the adaptation of human societies and their produc-
tion systems to potential future climate conditions. 
To accomplish that, the consideration of climate 
change scenarios as proposed by climate modeling 
is a relevant activity, but understanding how the 
systems have functioned and changed in the past is 
essential for actual predictability. Still, most analyses 
are centered in the evaluation of the sensibility of 
ecological or socioeconomic systems, while exposure 
is seldom measured.
In this contribution we approach what we believe is 
DPDMRUJDSLQWKHNQRZOHGJHEXLOGLQJSURFHVVDURXQG
WKHFOLPDWHFKDQJHWKHPHDVXUHPHQWRIH[SRVXUH:H
are interested in the ocean realm because even when 
PDULQH HFRV\VWHPVSURYLGH HVVHQWLDO EHQH¿WV VXFK
as provisioning of food and other goods, climate and 
natural hazards regulation, cultural, and supporting 
(Millennium Ecosystem Assessment, 2005), they 
KDYHODUJHO\EHHQXQGHUUHSUHVHQWHGLQWKHPDMRULW\RI
climate change reports. In Mexico, for example, there 
is virtually no mention of marine ecosystems within 
the series of national communications to the United 
1DWLRQV)UDPHZRUN&RQYHQWLRQRQ&OLPDWH&KDQJH
(UNFCCC). This situation is similar at the global scale. 
,WLVVXUSULVLQJWKDWWKHXSFRPLQJ¿IWKDVVHVVPHQWRI
WKH,3&&ZLOOEHWKH¿UVWRIWKHVHULHVWRKRVWRFHDQ
chapters with assessments of impacts and adaptation, 
both as sectors and as a region.
In this study we investigated the spatial signa-
WXUHRI WKHH[SRVXUHEHFDXVHZHNQRZ WKDWJOREDO
warming is not homogenous in time nor space 
(Trenberth et al)DOYH\DQG*DUUHDXG
and we expect the ocean surrounding Mexico to 
reveal particularly diverse trends even thought its 
seas are a relative small part of the world. Reasons 
include the proximity of two oceanographically 
LQGHSHQGHQW EDVLQV $WODQWLF DQG3DFL¿F DQG WKH
presence of many different regional oceanographic 
regimes and ecological provinces (tropical oceans, 
FRDVWDOXSZHOOLQJPDMRUFXUUHQWVERXQGDULHVHWF
In this regard, large part of the study region is in the 
transition between tropical and subtropical climate 
regimes, and exposed to large-scale modes of natu-
ral variability, such as El Niño/Southern Oscillation 
(162WKH3DFL¿F'HFDGDO2VFLOODWLRQ3'2WKH
Atlantic Multidecadal Oscillation (AMO), and their 
LQWHUDFWLRQVLQWLPHDQGVSDFH)DOYH\DQG*DUUHDXG
2009; Deser et al., 2010).
2. Methods
The analysis is based on reconstructed sea surface 
temperature from the National Climatic Data Center 
(NCDC) in its latest version (NOAA_ERSST_V3 
data, provided by NOAA/OAR/ESRL PSD, Boulder, 
Colorado [http://www.esrl.noaa.gov/psd/]). The data 
base, spanning from January 1910 to December 2011 
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in monthly time steps, has a spatial resolution of 2 × 2º. 
:HH[FOXGHGLFHGRFHDQVE\H[WUDFWLQJGDWDRQO\IURP
70º S to 70º N. From the same website we downloaded 
the time series of the Atlantic Multidecadal Oscilla-
WLRQ$02(Q¿HOGet alWKH3DFL¿F'HFDGDO
Oscillation (PDO; Mantua et al., 1997), and the Trans 
1LxR,QGH[71,7UHQEHUWKDQG6WHSDQLDNDQG
SORWWHGWKHPZLWKD¿YH\HDUPRYLQJDYHUDJH¿OWHUWR
explore similarities in the variability patterns.
To detect recent trends at each of the boxes we 
XVHG WKH%UHDNV IRU$GGLWLYH6HDVRQDO DQG7UHQG
(BFAST) method developed by Verbesselt et al. 
DQGDYDLODEOHDVDQ5SDFNDJH5'HYHORS-
ment Core Team, 2011) from the Comprehensive R 
$UFKLYH1HWZRUNKWWSFUDQUSURMHFWRUJSDFNDJH  
bfast). This method integrates an iterative decompo-
sition of time series into a trend, seasonal and noise 
components, and includes methods for detecting and 
FKDUDFWHUL]LQJ FKDQJHV EUHDNSRLQWVZLWKLQ WLPH




– ǅW) with the method proposed by Bai and Perron 
(2003), which minimizes the Bayesian information 
criterion (BIC) to determine the optimal number of 
EUHDNV DQG LWHUDWLYHO\PLQLPL]HV WKH UHVLGXDO VXP
RIVTXDUHVWRHVWLPDWHWKHRSWLPXPEUHDNSRVLWLRQ
Verbesselt et al. (2010) give a full description and 
validation of the method, which has been applied as 
a normalized difference vegetation index (NDVI; 





Here we selected a period of 10 years of monthly 
temperature data as the minimum period, which 
means that only piecewise linear segments of at least 
\HDUVZLOOEHLGHQWL¿HG:HVSHFLDOO\IRFXVRQWKH
PRVWUHFHQWSLHFHZLVHOLQHDUWUHQGVHJPHQWLGHQWL¿HG
as indicator of recent exposure to changes in climate. 
:HWKHQPDSSHGWKHVORSHFKDQJLQJUDWHDQGOHQJWK
(number of years) of the analytically detected recent 
trend, and computed the total change (their product 
in ºC) for the subset covering from 10 to 35º N and 
WR::HDOVRFRPSDUHGWKHUHODWLYHIUH-
TXHQF\ GLVWULEXWLRQ RI WRWDO FKDQJH WR IRXU RWKHU
areas, and the global.
3. Results and discussion
Figure 1 shows eight time series of SST anomalies 
of the 2 × 2º boxes selected as representative of each 
UHJLRQLGHQWL¿HGLQ)LJXUHFi.e., individual series 
selected from the core of each of the visually identi-
¿HGUHJLRQWRYLVXDOO\VKRZZKDWZHGH¿QHDVUHFHQW
trends. For these series, we plot the monthly anom-
alies time series (seasonal cycle removed) together 
with the partial trends as resolved by the BFAST, and 
in solid line the recent trend. As shown by the eight 
individual time series, there are differences in the 
number and length of trends between series. These 
large differences are also evident from the maps in 
Figure 2, as slope (Fig. 2a), length (Fig. 2b) of the 
last trend, and the estimated total change (Fig. 2c). 
7KLV¿JXUHUHYHDOVDVZHH[SHFWHGWKHUHDUHKLJKO\
contrasting regional behaviors within a relatively 
VPDOOSDUWRIWKHRFHDQ:HFRQVLGHUWKHORZHUSDQHO





last 10 to 15 years (slope value close to 0). This region 
corresponds to the southern part of the California 
&XUUHQW6\VWHP&&6ZKLFKLVODUJHO\LQÀXHQFHG
by seasonal coastal upwelling. According to the Cal-
ifornia Cooperative Oceanic Fisheries Investigations 
(CalCOFI) data, this region has been characterized 
by a shift from warming to cooling trends (Bograd 
DQG/\QQ DV FRQVHTXHQFHRIQDWXUDOÀXFWX-
ations rather than an effect of global warming (Di 
Lorenzo et al., 2005). However, since upwelling in 
the southern CCS is driven by a wind stress curl along 
the California margin, global greenhouse warming 
would increase the ocean-land pressure gradient, in-
FUHDVLQJZLQGVWUHVVDQGOHDGLQJWRDQLQWHQVL¿FDWLRQ
RIXSZHOOLQJ%DNXQ6Q\GHUet al., 2003). Even 
when a warming trend was not detected in the southern 
&&6ZLWK WKH%)$67PHWKRGRWKHU FRQVHTXHQFHV
of climate change, such as shelf hypoxia conditions, 
that have been well documented for some upwelling 
systems (Helly and Levin, 2004; Monteiro et al., 2008) 
have been recently reported to be increasing in the 
CCS (Feely et al., 2008; Connolly et al., 2010). There 
is a strong interest in testing whether this conditions 
DUHOLQNHGWRPDVVPRUWDOLW\HYHQWVRIKLJKO\YDOXDEOH
EHQWKLF UHVRXUFHV *XWLpUUH]et al., 2011), and to 



































































Fig. 1. Sea surface temperature anomalies time series of selected 2 × 2º boxes 
UHSUHVHQWLQJWKHHLJKWUHJLRQVLGHQWL¿HGDVKDYLQJGLVWLQFWUHFHQWWUHQGV7KH
coordinates for each box center are listed in Table I, and graphically shown in 
Figure 2c. The most recent trend is highlighted in bold.
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understand the potential interactions of temperature 
changes and hypoxia in these environments.
)RU WKH*XOIRI&DOLIRUQLD )LJFPDUN³E´ 
the analysis reveals a modest cooling trend during the 
last 20 to 25 years (Fig. 2b). This coincides with 
Lluch-Cota et al. (2010), who reported that for recent 
GHFDGHV QR VLJQL¿FDQW VXVWDLQHG ORQJWHUP WUHQG
was evident in any of the time series of physical 
and ecological variables considered by them. They 
also explained the apparent contradiction with the 
century-long analysis by Lluch-Belda et al. (2009) 
that reported a positive long-term warming, by con-
sidering only the second part of the century (since the 
early 1960s), when the global surface air temperature 







limit of the eastern boundary component and the east-
ZDUGWXUQDQGWKHQRUWKHTXDWRULDOFRXQWHUFXUUHQW
future oceanographic studies might shed light on this 
recent cooling, but it is seemly related to the basin wide 
variability, as suggested by the PDO (Fig. 3, second 
VHULHV7KHVRXWKHUQPRVWUHJLRQRIWKH3DFL¿FVLGHRI
RXUVWXG\DUHD)LJFUHJLRQDURXQGPDUN³H´VKRZV
a clear warming trend occurring during the last 10 to 15 
years. This region is fully dominated by tropical condi-
WLRQVDQGLVODUJHO\LQÀXHQFHGE\WKH(162G\QDPLFV
DQGWKH3DFL¿FZDUPSRRO:KLOHORQJZDUPLQJWUHQGV
have been predicted for the future (An et al., 2011), the 
trans El Niño index, which is the difference between 
the normalized SST anomalies averaged in the Niño-
DQG1LxRUHJLRQV7KUHQEHUWKDQG6WHSDQLDN
2001), suggests that trends are not monotonic in the 
long term, and that variability is largely dominated by 
WKHKLJKIUHTXHQF\
%HWZHHQWKH3DFL¿FIDURFHDQDQGWKHVRXWKHUQ-
most region, one can identify an interesting band of 
neutral change conditions occurring during at least 
WKHODVWWR\HDUV)LJFDURXQGPDUN³G´
somehow setting the boundary between North-Pacif-
LFOLNHDQGWURSLFDO3DFL¿FOLNHYDULDELOLW\SDWWHUQV
3.1.2 Atlantic region
The Atlantic side of our study region includes the 
ZHVWHUQ&DULEEHDQ6HDDQGWKHHQWLUH*XOIRI0H[LFR
:HIRXQGWKDWWKHQRUWKHDVW*XOIRI0H[LFRLVFRRO-
ing, at least during the last 10 to 20 years, while the 
ZHVWHUQ*XOIRI0H[LFR)LJFPDUN³I´DQGWKH
&DULEEHDQUHJLRQPDUN³K´KDYHEHHQZDUPLQJIRU
more than three decades. The oceanographic region 
that delimits the two areas coincides with the posi-
tion of the loop current which connects the Yucatan 
and the Florida currents. Although this process can 
EHFRQVLGHUHGDVRQHRI WKHNH\ OLQNDJHVEHWZHHQ
the North Atlantic and South Atlantic waters, the 
differences in trends suggest that different process-
HVPD\ KDYH DQ LQÀXHQFH&KROOHWWet al., (2012) 
analyzed 25 years of satellite data (1985 to 2009) 
IRUWKH&DULEEHDQ6HDDQGWKHVRXWKHDVWHUQ*XOIRI





















































wise linear trend segment shown as slope (a), period length 
in years (b), and total change in ºC (c).
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decade, which lies within the range of 0.2 and 0.6 
ºC/decade found by Strong et al. (2008) based on the 
period 1985 to 2006, and close to the estimation by 
*RRGet al. (2007), who reported 0.3 ºC/decade for 
the period 1985 to 2003. :HIRXQGYDOXHVEHWZHHQ
0.05 and 0.27 ºC/decade for the boxes with positive 
trend within the Atlantic side of our study period. It 
should be noted that due to the nature of the data (low 
spatial resolution), and the analysis (variable trend 
period for each box), there are differences between 
our study and those cited above, that should be con-
sidered when interpreting the comparison.
Chollett et al. (2012) reported that when using 
high resolution data, the region exhibits spatially 
heterogeneous trends. They found warming to be 
greatest in the tropical Atlantic and eastern Caribbean 
6HDDQGLQWKHORRSFXUUHQWUHJLRQLQWKHHDVWHUQ*XOI
RI0H[LFRDQGIRXQGQRQVLJQL¿FDQW667FKDQJHV
off Florida, Cuba and the Yucatán Peninsula upwell-
ing area. This contrasts with our description, since 
ZHIRXQGQHJDWLYHWUHQGVIRUWKHQRUWKHDVW*XOIDQG
basically no trends for the loop-current region. How-
ever, in the Caribbean region (warming), our data 
coincides with them and with the close to no trend 
values off Cuba. Also, we found that our data agrees 





















indices. Data was downloaded from the NOAA/OAR/ESRL PSD, Boulder, Colorado website 
(http://www.esrl.noaa.gov/psd/).
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upwelling, showing no trend, which contrasts with 
the ongoing debate about a generalized wind-driven 
XSZHOOLQJWKDWFDXVHVDQLQFUHDVHG667WUHQG%DNXQ
7KLVLVVXSSRUWHGE\%DNXQet al. (2010) and 
'HPDUFTEXWRQFHDJDLQFRQWUDVWVZLWKGDWD
from others such as Pérez et al. (2010). The upwelling 
DUHDLQWKH$WODQWLFRII0H[LFRVKRZVQRVLJQL¿FDQW
trend in SST, suggesting that the forcing factors of 
upwelling activity are relatively constant.
By visually examining the Atlantic Multidecadal 
Oscillation time series (Fig. 3, third series), it is 
clear that the century-long time series are strongly 
dominated by this variability pattern. Further, other 
variability indices such as the Caribean SST index 
(Penland and Matrosova, 1998) and the Atlantic 
tripole (Deser and Timlin, 1997) also show the gen-
eral multidecadal pattern as capturing a large portion 
of the variability. If this mode of variability continues 
to be dominating in the next decades, and if the am-
plitude and phase of the oscillation are conserved, the 
region will exhibit a decrease in the warming trend for 
a couple of decades, and will tend to cool thereafter. 
However, strong uncertainty on the dates and ampli-
tudes derives from the fact that we have only clearly 
documented one complete cycle of this oscillation, 
DQGRXUXQGHUVWDQGLQJLVIDUIURPVXI¿FLHQW
3.2 Comparison of the frequency distribution
)LJXUHVKRZVWKHUHODWLYHIUHTXHQF\GLVWULEXWLRQRI
total change values (the product of last trend period 
length and its slope at each of the 2 × 2º boxes in-
cluded in the polygon) for the ocean around Mexico, 
)LJ5HODWLYHIUHTXHQF\GLVWULEXWLRQRIUHFHQWWHPSHUDWXUHFKDQJH
estimates (product of the slope and period length of the most recent 
¿WWHGSLHFHZLVHOLQHDUWUHQGVHJPHQWDWHDFKîTXDGUDQWIRUWKH
ocean around Mexico, other four regions in the north and tropical 
3DFL¿FDQG$WODQWLFRFHDQVDQGWKHHQWLUHZRUOGRFHDQSRODUVHDV
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7DEOH,*HRJUDSKLFUHIHUHQFHVIRUWKHDQDO\VHVDQGFRP-
parisons. The 2 × 2º boxes correspond to letters in Figure 
2c and are considered representative of eight regions with 
a particular recent temperature trend within the oceans 
around Mexico. Polygons correspond to large ocean areas 
and are shown in Figure 4a.










Oceans off Mexico 120-85º: 10-35º N
1RUWK3DFL¿F 178-138º: 25-50º N
7URSLFDO3DFL¿F 178-138º: 12º S-13 ºN
North Atlantic 60-20º: 25-50º N
Tropical Atlantic 40º:WR 12º S-13º N
The world All 70º S-70º N
as compared to global ocean and four selected areas 
IURPWKH3DFL¿FDQG$WODQWLF)LJD
The distribution of temperature change for our 
study area shows cooling trend values of as much 
as 1.5 ºC, and warming trend values of slightly over 
0.5 ºC. Close to 75% of the area shows negative 
trends, with a mode around –0.3 º&7KH¿JXUHLV
aimed at demonstrating that the study area shows 
a wide range of behaviors in a relatively small 
region; however, when compared to the rest of the 
distributions it is clear that the heterogeneity is not 
exclusively found in this region. In fact, besides 
the tropical Atlantic, all regions have shown wide 
ranges of temperature changes within the recent 
FKDQJHVLQYDOXHV:HKDYHGHWHFWHGWZRPRGHVLQ
the distribution, one at each side of the range (pos-
itive and negative temperature changes), tending 
WRFRUUHVSRQGWRWKH3DFL¿FFRROLQJDQG$WODQWLF
(warming) distributions of the tropical areas of 
each basin.
It is beyond the scope of this contribution to 
analyze trends from other regions of the world, 
however we found it surprising that: (1) most of 
WKHDUHDFRQVLGHUHGKHUHDVWURSLFDO3DFL¿FVKRZV
a cooling trend during the recent period (mostly 
for the last 10-15 years); (2) the tropical Atlantic 
shows a more homogeneous distribution of warming 
during the most recent period (mostly longer than 
\HDUVWKHQRUWKHUQ3DFL¿FDQGQRUWKHUQ
$WODQWLF KDG WKHPDMRULW\ RI YDOXHV FORVH WR QR
change, but still a relatively large proportion of the 
area showed temperature change values distrib-
uted in the opposite direction when compared to 
their tropical corresponding basin (North Atlantic 
showing cooling areas vs. mostly warming areas 
LQWKHWURSLFDO$WODQWLFDQG1RUWK3DFL¿FKDYLQJD
warming portion of its area vs. mostly cooling areas 
LQWKHWURSLFDO3DFL¿FDQGWKH(DUWKVRFHDQV
(excluding the rapidly warming polar oceans) have 
most of their values showing a close to 0 trend, with 
similar fractions being distributed to the warming 
and cooling sides of the range.
4. Conclusions
Sea surface temperature around Mexico shows highly 
FRQWUDVWLQJ WUHQGV EHWZHHQ UHJLRQV ,Q WKH3DFL¿F
VLGHWKHZHVWFRDVWRIWKH%DMD&DOLIRUQLDSHQLQVXOD
VKRZVPRVWO\QRWUHQGWKH*XOIRI&DOLIRUQLDDQG
the oceanic area have been cooling during recent 
GHFDGHV WKH VRXWKHUQ3DFL¿F VKRZLQJ DQ LQWHQVH





warming for more than three decades. There may 
EHLPSRUWDQWFRQVHTXHQFHVRIWKHVHWHQGHQFLHVIRU
UHJLRQDO¿VKHULHVDQGVHQVLWLYHPDULQHHFRV\VWHPV
however, any attempt to use observed recent trends 
to forecast changes in marine populations demands 
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